Background Reconstruction of the multiligament-injured knee often involves extended surgical and tourniquet use times and often is performed in patients who have sustained concomitant fractures as well as vascular injuries, all of which would appear to predispose the patient to the potentially serious complications of deep vein thrombosis and perhaps pulmonary embolism, yet little is known about the frequency of venous thromboembolic (VTE) events after multiligamentous knee reconstruction. Questions/purposes The purposes of this study were to (1) determine the frequency of symptomatic VTE after multiligamentous knee reconstruction at a single institution; and (2) to determine associated risk factors for VTE in these patients.
Abstract
Background Reconstruction of the multiligament-injured knee often involves extended surgical and tourniquet use times and often is performed in patients who have sustained concomitant fractures as well as vascular injuries, all of which would appear to predispose the patient to the potentially serious complications of deep vein thrombosis and perhaps pulmonary embolism, yet little is known about the frequency of venous thromboembolic (VTE) events after multiligamentous knee reconstruction. Questions/purposes The purposes of this study were to (1) determine the frequency of symptomatic VTE after multiligamentous knee reconstruction at a single institution; and (2) to determine associated risk factors for VTE in these patients.
Methods The records of 134 (63% of the 213 consented individuals in our longitudinal database) patients who underwent primary (129 [96%]) or revision (five [4%]) multiligamentous knee reconstruction at a single institution between 1992 and 2013 were retrospectively reviewed. With two patients undergoing procedures bilaterally, this resulted in a total of 136 multiligamentous knee reconstructions. VTE for which clinical symptoms were evident and confirmed by imaging within 3 months after the reconstructive procedure was noted. Pre-and perioperative data were collected with respect to demographics, associated injuries, medical history, smoking status, and surgical data. Standard rehabilitation and thromboprophylaxis protocols were used in all patients. Results Three cases of symptomatic VTE (three deep vein thromboses) occurred after the 136 reconstructions (2%; 95% confidence interval, 0.53%-7.3%). Two of the three patients were obese and the remaining patient smoked and abused alcohol. However, as a result of a low frequency of VTE, no risk factors could be identified in this series. Conclusions Symptomatic VTE occurred in 2% of multiligamentous knee reconstructions at our institution while receiving thromboprophylaxis. This is similar to rates documented after anterior cruciate ligament reconstruction without thromboprophylaxis. Further multicenter research is required to identify the true frequency of and risk factors for developing VTE in patients undergoing multiligamentous knee reconstruction after knee dislocation. Level of Evidence Level III, therapeutic study. See Guidelines for Authors for a complete description of levels of evidence.
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Introduction
Usually secondary to an acute knee dislocation, the multiligament-injured knee is a complex orthopaedic injury to the soft tissues, ligaments, and neurovascular structures [15, 19, 27, 37, 39, 50, 52] . Reconstruction of the multiligament-injured knee often combines arthroscopic and open techniques [13, 15, 26] , involves extended surgical and tourniquet use times, and is often performed in patients who have sustained concomitant fractures as well as vascular and/or neurologic injuries from the initial trauma [14, 25, 30, 33, 49] . As such, these patients are at risk of developing venous thromboembolism (VTE). Numerous reports have documented the frequency of and risk factors for developing a VTE after hip and knee arthroplasty, knee arthroscopy, lower extremity trauma, and even hip arthroscopy [2, 3, 5, 7, 16, 17, 29, 35, 41, 43, 45, 47] . However, data with regard to VTE after multiligamentous knee reconstruction are scarce [9] .
For patients who undergo routine knee arthroscopy, the incidence of VTE without thromboprophylaxis has ranged from 0% to 17.9% [3, 6, 17, 53] . Given the high energy of the injury and surgical complexity of the multiligamentous knee reconstruction, the risk in these patients may be greater. In published studies for multiligamentous knee reconstruction, only one, to our knowledge, has reported on the complication of VTE, suggesting a frequency similar to that reported after arthroscopic anterior cruciate ligament (ACL) reconstruction [9] . To our knowledge, no paper has assessed risk factors for developing VTE in this patient population.
Therefore, the purposes of our study were to (1) determine the frequency of clinically symptomatic VTE after multiligamentous knee reconstruction; and (2) evaluate the potential risk factors associated with these events.
Patients and Methods
The study was approved by the institutional review board at our institution. Patients were retrospectively identified from a prospective database at our institution, which includes patients who sustained a knee dislocation with multiligamentous knee injury. From this group, all patients who subsequently underwent a multiligamentous knee reconstruction, including revisions, and consented to be part of the database were included. In addition, all patients included required at least 90 days of followup. Patients were excluded if they were skeletally immature or if they did not have adequate injury, periprocedural, or followup data. Review of our knee dislocation database identified 213 potential subjects, which ultimately resulted in a series of 134 patients (63%) who underwent multiligamentous knee reconstruction with two undergoing bilateral reconstructions, totaling 136 multiligamentous knee reconstructions between February 3, 1992, and February 13, 2013. The 79 excluded patients did not undergo a multiligamentous knee reconstruction (42 of 213 [20%]), were skeletally immature (one of 213 [0.5%]), or simply did not possess enough periprocedural or followup data (36 of 213 [17%]) to be included in the series. Five of the patients (4%) underwent revision reconstructions.
A multiligamentous knee injury was defined as one involving disruption of at least one of the cruciate ligaments and at least one of the collateral ligaments through the mechanism of a documented or presumed knee dislocation event based on imaging, history, and pattern. These injuries were then classified according to the system described by Wascher, which is a modification to the original KD (knee dislocation) classification system proposed by Schenck ( Fig. 1) [36, 42, 51] .
All medical records were reviewed for the documentation of deep venous thrombosis (DVT) or pulmonary embolism (PE) after multiligamentous knee reconstruction. All patients presenting with clinically symptomatic signs of VTE underwent imaging (Doppler ultrasound) to positively confirm cases or further studies in scenarios where the diagnosis was still suspected despite a negative Doppler ultrasound. Occurrence of symptomatic VTE within 3 months of knee surgery was considered to be related to the surgery and was therefore included in our study [20, 22] .
Before April 2007, all patients were prescribed 6 weeks of enteric-coated aspirin (ECA) for thromboprophylaxis after their reconstruction (35 reconstructions [26%] ). Based on surgeon preference, from April 2007 on, thromboprophylaxis was in the form of 3 weeks of low-molecularweight heparin (LMWH) followed by 3 weeks of ECA. For patients with a history of VTE before their injury or in those who developed a VTE from their initial knee dislocation event, they were referred to and assessed by the thrombophilia service to assist in determining the best regimen, which was either a similar protocol to the LMWH one mentioned or warfarin for 6 to 12 weeks based on their recommendations. All patients underwent a standardized postoperative rehabilitation protocol [8, 12] .
Data were collected by reviewing the medical record of each patient included in the study. Classic risk factors including age older than 65 years, obesity (body mass index [BMI] [ 30 kg/m 2 ), smoking, oral contraception or hormone replacement therapy, chronic venous insufficiency, and history of a previous DVT were all collected (Fig. 2) [6] . Furthermore, additional potential factors were documented such as sex and Deyo comorbidity score while taking into account any history of vascular, liver, oncologic, cardiac, cerebrovascular, or pulmonary disease. Most patients in the series were men (106 of 134 [79%]) and the mean age of all patients was 32 (range, 15-61 years; SD 11). The overall health of the patients in this series was rather good with only 11 (8%) of the patients possessing a Deyo comorbidity score of 1 or higher (Table 1) . Injury and periprocedural parameters were also assessed including surgical and tourniquet use times and complications. Mechanisms of trauma for the entire population included 60 that involved motor vehicle/motorcycle/snowmobile accidents, 43 from sports-related injuries, seven from skiing/wakeboarding/rollerblading events, 16 fall/twisting injuries, and the remainder involving machinery, horses, and other miscellaneous causes. There were four patients with open injuries, 10 with vascular injuries and/or reconstructions, 19 who were placed in spanning external fixators, 10 patients who required fasciotomies, and 28 patients who sustained peroneal palsies ( Table 2) .
The primary goal of this study was to estimate the frequency of symptomatic VTE after multiligamentous knee reconstruction. This was calculated as the number of patients diagnosed with a symptomatic VTE within 3 months of multiligamentous knee reconstruction divided by the total number of patients undergoing a multiligamentous knee reconstruction. This frequency is expressed as a percentage and is reported with a 95% confidence interval. Of additional interest was the comparison between those patients who had a VTE and those who did not with respect to potential risk factors including age, BMI, smoking status, medical history, open versus closed injury, placement of an external fixator, vascular and/or neurologic injury, and tourniquet and operative times. However, the small number of symptomatic VTE cases observed precluded formal statistical comparisons between the VTE and non-VTE groups. Therefore, differences between these groups are reported descriptively. All analyses were carried out using the JMP statistical software package (Version 8; SAS Institute Inc, Cary, NC, USA).
Results
After the multiligamentous knee reconstructions, three (2%; 95% confidence interval [CI], 0.53%-7.3%) patients with symptomatic VTE occurring within 3 months of surgery were identified. All were lower extremity DVTs on the operative side, and no patients developed a symptomatic PE. Median time to symptomatic VTE after reconstruction was 39 days (range, 7-80 days). Diagnosis was made by ultrasound in two of the patients with one of the patients requiring diagnosis through a venogram after ultrasound was reported as negative. All of the DVTs involved the posterior tibial and/or peroneal veins with only one involving the popliteal vein itself. Six patients in the non-VTE group had a history of DVT, all sequelae from their knee dislocation event, but none of these patients developed recurrence of their symptomatic DVT after reconstruction. Three of these patients were placed on LMWH, whereas the other three were placed on warfarin postoperatively for thromboprophylaxis. Given the small number of symptomatic VTE events observed in this series, no risk factors could be identified, specifically with regard to age, sex, BMI, smoking status, history of DVT, or medical comorbidities (Table 1) , because a robust analysis could not be performed given the lack of numbers. Similarly, analysis of potential injury and surgical factors such as time to reconstruction, open injuries, damage to neurovascular structures, performance of fasciotomies, application of an external fixator, or tourniquet or operative times could not identify any significant risk factors either ( Table 2 ). All of the patients who developed VTE had sustained closed injuries, possessed no concomitant vascular or neurologic injuries accompanying their initial traumas, had tourniquet times of less than 120 minutes, and were primary reconstructions performed at least 3 weeks out from injury. They were all on the LMWH protocol after their surgery.
Discussion
VTE after lower extremity trauma and surgery is an unfortunate complication that can even result in death after simple knee arthroscopy [18, 34, 40] . The high-energy nature of a knee dislocation, required immobilization after injury, and subsequent surgical treatment rendered place each individual who sustains a multiligamentous knee injury at risk for developing a VTE [43] . However, few data exist regarding the frequency of VTE in patients who undergo multiligamentous knee reconstruction and less so with regard to potential risk factors that would make one more likely to develop a symptomatic VTE [9] . The frequency of symptomatic VTE in our series was 2% (95% CI, 0.53%-7.3%). Given the low frequency of the events in question, we could draw no inferences about the risk factors for symptomatic VTE in this population.
This study has a number of limitations. It reports on only clinically symptomatic VTE in patients undergoing multiligamentous knee reconstruction and thus it is likely we underestimated the frequency of VTE relative to what might have been discovered had a screening procedure such as ultrasound been used. For example, Ye et al. [55] found a rate of VTE in their patients undergoing arthroscopic ACL reconstruction of 14% diagnosed through screening venography; however, they did not comment on how many of these would have been diagnosed based on clinical symptoms only. As already mentioned, the low number of clinically symptomatic patients reported in our series made further statistical analysis impossible.
Our findings in terms of the frequency of VTE are consistent with the VTE frequency documented in the one other series of which we are aware of that studied patients who underwent multiligamentous knee reconstruction. Engebretsen et al. [9] reported on 85 patients who underwent surgical treatment of a KD II-V multiligamentous knee injury; of those, three (3.53%) developed a DVT. Numerous other cases series of patients who underwent multiligamentous knee reconstruction exist in the literature; however, many of them make no mention of the complication of VTE [15, 30, 37, 50] . The frequency of 2% in our series appears comparable to rates after arthroscopic ACL reconstruction [1, 3, 21, 48] . This may or may not be attributed to our approach of all patients [31, 32, 54] . In a randomized trial evaluating the rate of VTE with the use of LMWH after ACL reconstruction, Marlovits et al. [28] had a reduced rate of VTE in the treatment group of 2.8% compared with 41.2% in the placebo group, but it is important to note that all their patients were screened for VTE. Despite the nature of the multiligamentous knee reconstruction being more complex and time-consuming than a standard arthroscopic ACL reconstruction, rates of symptomatic VTE appear similar between multiligamentous knee reconstruction with routine use of thromboprophylaxis and ACL reconstruction groups, which generally were managed without it. In our series, of those patients who developed VTE, all possessed at least one classic risk factor for VTE as described by Delis et al. [6] , with two being obese and the other possessing chronic tobacco use. However, given the severity of such trauma sustained and scope of surgery all patients in our series underwent, one could argue every one of our subjects possessed risk factors for development of a VTE. Additionally, in the group of patients who did not develop a symptomatic VTE, 45 (34%) had a BMI [ 30 kg/m 2 , 40 (31%) of them smoked, and 71 (54%) had at least one classic risk factor. In a series of 85 patients who underwent knee arthroscopy, Williams et al. [53] found that 8.6% of the patients who possessed at least one classic risk factor were diagnosed with a clinically silent DVT compared with a rate of 1.6% in those who possessed no risk factors. Age has notably been documented as a risk factor for VTE after knee arthroscopy [16, 29] ; however, with the younger age at which trauma such as knee dislocations usually occurs, it is difficult to assess how this affects the risk of VTE in the multiligamentous knee reconstruction population. To reiterate, given the lack of symptomatic VTE diagnosed in our series, further statistical analysis of the risk factors mentioned here was not possible. Despite our results not appearing to suggest a correlation with tourniquet use and symptomatic VTE, it is recommended to avoid the use of tourniquet compression in cases of multiligamentous knee reconstruction in which the patient underwent vascular repair with their initial trauma [7, 10, 38, 44, 46, 47] .
We found that 2% (95% CI, 0.53%-7.3%) of patients who underwent multiligamentous knee reconstruction with routine thromboprophylaxis developed symptomatic VTE. Each patient with VTE had an identifiable risk factor, but large multicenter studies are needed to better assess the overall frequency and risk factors for development of symptomatic VTE after multiligamentous knee reconstruction. Based on our experience, we recommend that patients who sustain such trauma and undergo a multiligamentous knee reconstruction be placed on some form of thromboprophylaxis, with or without mechanical interventions, in accordance with American College of Chest Physicians guidelines regarding thromboprophylaxis after ''major orthopaedic surgery'' as a multiligamentous knee reconstruction would entail [11] . Given the rarity of such injuries [19, 23, 39] , evolution of techniques and instrumentation over time [13, 26] , and variation in application of functional and clinical outcome measures, conducting high-level research studies on multiligamentous knee injuries remains a challenge [23, 24] .
